A sensitive assay for the detection of antigens of Toxoplasma gondii by spotting samples directly onto nitrocellulose paper was developed. The sensitivity ranged from 10 to 40 pg of antigen diluted in phosphatebuffered saline and 40 to 130 pg of antigen diluted in normal mouse serum, normal human serum, or human cerebrospinal fluid. T. gondii antigen in serum samples taken from micé infected with T. gondii was detectable by day 2 of infection. Antigen was gilso detectable in cerebrospinal fluid samples taken from four of six infants congenitally infected with T. gondii and in serum samples from two of these infants.
The diagnosis of toxoplasmosis by conventional serological methods which measure immunoglobulin G (IgG) or IgM antibodies may be particularly difficult in congenitally infected neonates (8) and in patients who are severely immunocompromised (17) . This difficulty is compounded by the false-positive and false-negative results which occur in these particular patients. In some instances the vagaries are due to the tests themselves (5) , whereas in others they are due to lack of formation of demonstrable antibody by the patient (8) . It is in such situations that demonstration of Toxoplasma gondii antigen in serum or other body fluids may be particularly helpful in making an early diagnosis of acute toxoplasmosis.
Antigenemia due to T. gondii in experimentally infected animals was first reported by Raizman and Neva in 1975 (9) and has subsequently been confirmed by several othr authors (4, 15, 16) . Antigenemia has also been found in human serum samples tested by enzyme-linked imnunosorbent assay (ELISA) (1) . The techniques used are time consuming and require special equipment.
Spotting of specimens directly on nitrocellulose paper has been reported to be a very sensitive method for the detection of nucleic acid (7) as well as proteins (6, 12) . The indicator system for these assays has usually been a radiolabeled DNA probe or specific antibody with results obtained by autoradiography. In addition, this dot-immunobinding (3, 6) technique has been used to screen hybridomas for the secretion of monoclonal antibodies (3) . We have attempted to use this method to determine whether it might be useful in detecting the presence of T. gondii antigens'in body fluids. Our (10) . All infants had both serum and cerebrospinal fluid available for testing. Sera were also obtained from 40 patients with biopsy-proven toxoplasmic lymphadenopathy; sera were obtained from 3 weeks to 5 months after the onset of clinically evident lymphadenopathy. All were positive in the DT and DS-IgM-ELISA. Twenty DT-negative human sera from individuals with no clinical symptoms or signs of lymphadenopathy were used as controls.
Immunoblotting technique. Lyophilized preparations of T. gondii antigen were reconstituted with 1 ml of PBS, mouse serum (a pool from five seronegative control mice), human serum (a pool from five seronegative normal human volunteers), or human cerebrospinal fluid (a pool from five individuals with neurological disorders of noninfectious etiology). These control samples were serially diluted 1:3 with PBS and used as positive controls. Negative control samples consisted of the same pools without the addition of antigen. Positive and negative control samples were run with each test. All tests were run in parallel on separate days.
Nitrocellulose paper (Bio-Rad) was cut into strips and overlaid with a template consisting of 10 equally spaced holes. A glass petri dish was used to minimize nonspecific adherence of protein to the container. Samples (4 ,ul) of the positive and negative controls and of serum or cerebrospinal fluid to be tested were placed on the nitrocellulose paper and allowed to air dry for 1 h. The paper was then blocked with a 3% gelatin solution in 0.02 M Tris-0.5 M NaCI (TBS) (pH 7.5) and incubated for 1 h at room temperature on an agitator. After the 3% gelatin solution was pipetted off, 20 ml of a solution of rabbit anti-T. gondii antibodies in 1% gelatin solution was added and incubated at room temperature on an agitator. After being rinsed with distilled water, the plates were washed for three 10-min periods with TBS containing 0.025% Tween 20. A solution of goat antirabbit antibody bound to horseradish peroxidase (Bio-Rad) diluted in 1% gelatin-TBS was then incubated at room temperature and washed with distilled water and TBS-0.025% Tween 20 as described above.
Twofold dilutions of rabbit anti-T. gondii antibody (1:125 to 1:16,000) were incubated for 2, 4, 8, or 16 h. Goat antirabbit antibody bound to horseradish peroxidase was tested in twofold dilutions (1:1,000 to 1:8,000) and incubated for 1, 2, or 4 h. For preparation of the substrate, 60 mg of horseradish peroxidase color development reagent (BioRad) containing 4-chloro-1-naphthol was mixed with 20 ml of ice-cold methanol and then added to 100 ml of TBS with 60 ,ul of 30% hydrogen peroxide. The plates were incubated with the substrate for 10 min, rinsed twice with distilled water, and blotted dry. The results were compared visually with the positive and negative control dots run on the same strip. The development of color with equal or greater intensity than that of the positive control sample was read as a positive specimen. RESULTS Determination of optimal conditions for the antigen assay. Optimal concentrations of rabbit anti-T. gondii and goat antirabbit conjugate were determined by block titration against serial dilutions of the appropriate positive and negative controls. For detection of antigen in mouse serum, human serum, or human cerebrospinal fluid, concentrations of 1:4,000 of rabbit anti-T. gondii antibody and 1:8,000 of goat antirabbit conjugate were found to be optimal. Use of the rabbit anti-T. gondii antibody at higher concentrations often resulted in a ring-shaped pattern which made detection of antigen difficult, and a similar pattern would sometimes occur with negative controls. Use of the goat antirabbit conjugate at higher concentrations gave a darker background without increasing the sensitivity. After optimal concentrations of antibody were determined, the length of incubation was varied to determine the optimal period for incubation. Incubation with rabbit anti-T. gondii antibodies for 2 h decreased the sensitivity two-to fourfold compared with incubation for 16 h. For specimen testing, therefore, we used an incubation period of 16 h with rabbit anti-T. gondii antibody. Since results after incubation with goat antirabbit conjugate for 1, 2, or 4 h showed no significant differences, we chose an incubation time of 1 h for this step.
Detection of antigen in PBS. Between 10 and 40 pg of T. gondii sonic extract diluted in PBS was consistently demonstrable (Fig. 1) . A relatively concentrated preparation of the rabbit anti-T. gondii (1:100) and goat antirabbit (1:1,000) antibodies could be used; nonspecific cross-reactivity, as was sometimes observed with high concentrations of antibody in tests of serum or cerebrospinal fluid (see below), was not observed. This method could also detect whole T. gondii organisms diluted in PBS equivalent to 400 pg of protein (data not shown).
Detection of antigen in mouse serum. To determine whether this technique could be used to detect T. gondii antigen in mouse serum, antigen was suspended in normal mouse serum; 130 pg of T. gondii antigen could be consistently demonstrated in mouse serum by this assay. Additional experiments were performed in which mice were infected with T. gondii RH or C56; 50% of mice infected with 5 x 106 T. gondii RH cells intraperitoneally had demonstrable antigen in their serum on day 2, whereas 100% of mice tested on days 3, 4, and 5 had detectable antigen (Fig. 2) . None of the mice infected intraperitoneally with T. gondii C56 and followed until death or day 19 of infection had antigenemia detectable by this method (Fig. 2) .
Detection of antigen in human serum. We next determined whether antigen could be detected in human serum. Lyophilized T. gondii antigen was suspended in normal human serum. T. gondii antigen was detectable, and the sensitivity ranged from 40 to 130 pg by this method. Of the sera from the adults with biopsy-proven toxoplasmic lymphadenopathy, 8 of 40 (20%) were positive, whereas only 1 of 20 (5%) sera from DT-negative controls was positive. The one positive DT-negative control was only faintly visible (corresponding to a positive control of 13 pg or less). Two of the six sera tested from the cases of congenital toxoplasmosis were positive ( Table 1) (8) . In patients with the acquired immunodeficiency syndrome, IgM antibody may also be absent even with biopsy-proven infection with T. gondii (17; B. J. Luft, R. G. Brooks, F. Conley, R. E. McCabe, and J. S. Remington, J. Am. Med. Assoc., in press). It would therefore be clinically useful to develop a test which directly detects the presence of the whole parasite or its antigens in body fluids to document the presence of recent or ongoing infection.
Through the use of a dot-immunobinding assay we demonstrated antigen in both experimentally infected mice and in serum and cerebrospinal fluid of humans with toxoplasmosis; 50% of mice infected with T. gondii RH had detectable antigen by day 2 of infection, and 100% had detectable antigen by day 3. These results are similar to those recently reported by Turunen, who used a DS-ELISA method (15) . Of interest is the fact that we could not demonstrate circulating antigen in mice infected with T. gondii C56. Several possibilities may account for this observation. The fact that antigenemia was detectable even when small inocula of T. gondii RH (corresponding to similar inocula used with the C56 strain) were used suggests that the difference in detectable antigenemia was not a function of a different number of organisms. It is also unlikely that the antibody used in the present test recognizes antigens of only the RH strain, since previous results from our laboratory show that antibodies from animals infected with RH, C56, or C37 strain recognize similar antigens (unpublished data). If circulating antigens exist in infection with the C56 strain, these antigens may differ from those which circulate after infection with the RH strain. Characterization of the circulating antigens in the cotton rat model of T. gondii infection has shown them to be intracellular in origin (4) . The intracellular antigens of these two strains of T. gondii have not been directly compared, although the outer membrane antigens of these two strains have been found to be similar (2) . It is also conceivable, although unlikely, that the polyclonal anti-T. gondii antibodies made by immunization of rabbits with the (14) . Antigenemia has been previously demonstrated in 63% of patients with toxoplasmic lymphadenopathy by an ELISA technique (1). We were able to demonstrate antigenemia in 20% of 40 cases of toxoplasmic lymphadenopathy by using the dot-immunobinding technique. The lower incidence of positive tests for antigen in our study may reflect differences in the populations studied, the time after infection that individual sera were obtained, or the prolonged storage of many of our samples. In addition, two of six congenitally infected infants had detectable antigenemia.
Four of six congenitally infected infants (including the two with antigenemia) also had T. gondii antigen detectable in their cerebrospinal fluids. These results are similar to those reported by Araujo and Remington (1) , in which four of six infants congenitally infected with T. gondii had cerebrospinal fluid which was positive for antigen by an ELISA technique.
There are several advantages to the dot-immunobinding technique over other antigen detection systems such as radioimmunoassay or ELISA. The first is the increased sensitivity of this method, which can regularly detect picogram amounts of antigen (1, 15, 16) . When suspended in PBS, 10 pg of T. gondii antigen could be detected. We have found, as have others (15) , that addition of antigen to body fluid or tissues decreases the sensitivity of a test for antigen by a factor of at least 3. This may be due to the binding of antigen to other serum proteins, to the formation of immune complexes, or to degradation of antigen by proteases present in clinical samples being tested.
The second advantage of the dot-immunobinding technique is the small volumes of fluid which can be tested for antigen. We routinely used 4 ,ul of sample, although even smaller volumes may be used with good results (3) . Larger volumes may also be used by respotting the nitrocellulose after allowing the original sample to dry thoroughly (6) . In addition to these advantages, the test is easy to perform and results are read by visual observation, which eliminates the need for a gamma counter or an ELISA plate reader. When used in conjunction with other serological tests for toxoplasmosis and clinical picture, this test may be useful for the diagnosis of toxoplasmosis.
